The objectives of this study were to determine the value of supplementing creatine monohydrate (CMH) in a complete swine finishing ration and determining its effects on meat quality. Crossbred barrows (n = 59) were allotted five pens per treatment with three pigs per pen. Dietary treatments, including 20 g CMHؒpig
Introduction
The role of nutrition as a means of decreasing variability in fresh pork quality has been the focus of many novel research endeavors. Maddock et al. (2000) , O'Quinn et al. (2000) , and Berg and Allee (2001) have investigated the effects of using the untraditional sup-3081 section of the boneless loin was weighed, vacuum-packaged, and stored for 7 d at 1°C. After aging, light reflectance, weights, and Warner/Bratzler shear force measurements were taken. A linear trend (P = 0.071) was observed for ham 24-h L* values, and a cubic trend was observed for ultimate loin pH (P = 0.102). Hunter L* values of the longissimus possessed a negative linear contrast (P = 0.009) after aging, revealing that the loins of those animals treated for 10 and 15 d exhibit higher L* values. A cubic trend (P = 0.057) was shown for percentage of moisture lost as purge; 5-and 10-d treatments were intermediate to control and 15-d treatments. Warner/Bratzler shear force measurements for chops aged 7 d increased in a linear fashion (P = 0.024). This data suggests that 5-d supplementation of CMH before slaughter improves several pork quality attributes. However, it seems that supplementing CMH in swine diets for 10 or 15 d could reduce the quality of fresh pork. plementation of creatine monohydrate (CMH) as a means of improving pork quality and consumer satisfaction. Creatine monohydrate (methyl guanido-acetic acid) is a three-AA peptide that acts as an "energy reserve" within the muscle. Casey et al. (1996) reported that approximately 65% of creatine is stored in skeletal muscle as creatine phosphate. Increased concentrations of intramuscular creatine phosphate, such as via CMH supplementation, will result in an osmotic draw of fluid into the intracellular compartment, increasing intracellular volume and total body water, ultimately increasing muscle volume . The means by which creatine supplementation increases total body water and shifts fluid into the intracellular space are unclear (Ziegenfuss et al., 1998 ), yet this may be an important mechanism to enhance tenderness and reduce purge loss of fresh pork.
Pale, soft, and exudative (PSE) meat is a commonly recognized defect of fresh pork characterized by rapid glycolysis early postmortem when the temperature of the carcass is still elevated (Aalhus et al., 1998) . Prevost et al. (1997) indicated that creatine monohydrate may buffer lactic acid production. This might reduce the rapid pH decline associated with PSE pork, and therefore assist in decreasing its color variability. To date, many of the studies concerning the possible monetary benefits of adding CMH to a swine ration have dealt with individually penned animals housed within a research environment (Maddock et al., 2000; Berg and Allee, 2001 ). The goal of this trial was to determine the value of supplementing CMH to a corn-soybean meal swine finishing diet under conditions that are representative of the industry.
Materials and Methods

Live Animals
Crossbred barrows (n = 59, 107.8 kg) were blocked by weight and randomly allocated to 1 of 20 pens (5.2 m 2 ) within a self-ventilated finishing facility. Four treatment groups, consisting of 5-, 10-, and 15-d supplementation of 20 g CMHؒpig
ؒd −1 and a control (no CMH), were randomly assigned to each pen with five replicates per treatment and three animals per pen. Animals were provided a 7-d acclimation period before the initiation of the experimental trial with ad libitum access to both feed and water. Daily feed consumption was monitored during the acclimation period. Average feed consumed per pig per pen was used in formulating a diet that would include a minimum of 20 g CMH consumptionؒpig
. Following a review of each pen's growth performance, a supplemental diet was formulated that would include 0.55% CMH/909 kg feed batch. The control diet was a typical corn-soybean finishing diet (Table 1) , whereas treatment groups were fed the same basal diet supplemented with CMH for one of the three CMH treatment durations. All diets were mixed at the University of Missouri-Columbia feed mill and pelleted to reduce waste. On d 0, 5, 10, and 15, all animals were weighed and evaluated by ultrasound by a National Swine Improvement Federation (NSIF)-certified technician. Scanning was accomplished using an Aloka SSD 500 (Corometrics Medical Systems, Wallingford, CT) real-time ultrasonic machine fitted with a 12.5-cm, 3.5-MHz linear array transducer. Images were saved to a video casette tape and interpreted at a later date using AniMorph 1.41 software (Woods Hole Educational Associates, Wood Hole, MA). Subcutaneous fat measurements were determined at approximately 5.08 cm off the midline, and longissimus muscle area was obtained at the 10/11th-rib interface.
Carcasses
Following the completion of the study, animals were withheld from feed for 12 h. Barrows (n = 59; 123.5 kg) were delivered to a commercial packing plant (80 km) to be humanely slaughtered according to current industry guidelines. Immediately following slaughter, carcasses were placed within a cooler (3°C) and further chilled via a conventional spray chill system. At 24 h postmortem, carcasses were removed from the cooler to undergo fabrication. One carcass from the control group was lost in the plant before fabrication. This occurred during the daily procedures of the plant; the carcass was not removed from the processing line for reasons associated with treatment. Right-side hams were scanned using a primal cut electromagnetic scanner (AgMed, Springfield, IL) to determine the total body electrical conductivity of the primal cut hams, providing both percentage of ham lean and lean weight. The primal cut electromagnetic scanner generates a low-level, electromagnetic current within a cylindrical scanning chamber. Hams passing through the scanning chamber absorb a portion of the electromagnetic current into the electrically conductive lean tissue. This electromagnetic scanner then reports a measure of electrical absorbance or peak mean average. The peak mean average is highly correlated to the lean content of the ham (Meseck et al., 1997) . Ham weight and peak mean average were used to calculate total ham lean and the percentage of ham lean. Hams were then collected from the fabrication line to obtain objective quality measurements. Light reflectance (Hunter L*, a*, b* values; HunterLab MiniScan XE Plus, Reston, VA) using a light source of D65/10°standardized to both a black and white tile and intramuscular pH measurements (pH star-probe; SFK Technology, Cedar Rapids, IA) were taken on the cut lean surface of the gluteus medius muscle. Color saturation (chroma; [a* 2 + b* 2 ] 0.5 ) and hue angle (true red; arctangent [b*/a* × 57.3]) were calculated from the Hunter measurements. Right-side loins were removed according to the commercial plant's fabrication protocol, vacuum-packaged, and boxed for delivery to the University of Missouri-Columbia meat lab for quality evaluation.
Whole loins (n = 58) were removed from their packaging and split between the 10th and 11th ribs using a vertical band saw. Both anterior and posterior sections were tagged and allowed to bloom for a minimum of 15 and cooked to 35°C, flipped, and cooked to a final temperature of 70°C. Temperature was monitored using a 12-channel scanning thermocouple thermometer (ColeParmer Instrument Co., Vernon Hills, IL). Samples were allowed to cool to room temperature (18°C). Six core samples (1.27 cm in diameter) were excised from each loin chop parallel to the muscle fiber and sheared perpendicular to the fiber orientation.
Statistical Analysis
Least squares means were calculated for ADG on test, prerigor carcass weight, Hunter color L*, a*, and b* values, fat thickness, loin muscle area, standardized fat-free lean (NPPC, 2000) , ham pH, hue angle, saturation, peak mean average, lean weight, ham weight, WB shear, purge loss, crude fat, crude protein, moisture, crude protein:moisture, glycogen + glucose + glucose-6-phosphate concentration (GSUM), lactic acid concentration, and glycolytic potential. Treatment differences (duration of CMH supplementation) were evaluated for linear, cubic, and quadratic contrast of least squares means of the production and quality traits using the general linear model (GLM) procedures of SAS (SAS Inst. Inc., Cary, NC). Treatment was considered significant within the model at P < 0.05.
Results and Discussion
Live Animals
Creatine monohydrate is a popular sports supplement that has been shown to significantly increase fatfree mass and total body mass in humans (Mihic et al., 2000) . Therefore, animals fed CMH should theoretically increase muscularity and improve carcass characteristics. Ultrasound measurements of pigs supplemented with CMH for 5, 10, or 15 d were not different from those of controls regarding 10 th -rib fat depth and loin muscle area (Table 2) . Dangott et al. (2000) suggest that creatine supplementation in combination with an increased functional load result in increased satellite cell mitotic activity. It is possible that supplementation of CMH for 15 d may not be long enough to realize these benefits.
A quadratic effect (P = 0.002) observed for ADG (control: 1. ؒd −1 for 10 d and found that supplementation with CMH approached a trend (P = 0.110); control pigs averaged 1.10 kg/d and supplemented pigs 1.28 kg/d. Maddock et al. (2000) reported that animals fed CMH gained more weight than controls (6.69 kg vs 4.36 kg; P = 0.045) during 5 d of CMH supplementation. Average daily gain and growth differences between this study and that of O'Quinn et al. (2000) and Maddock et al. (2000) could have been influenced by the number of animals per pen. According to Gomez et al. (2000) , there are numerous factors that can be attributed to a reduction in both the feed intake and weight gain (growth performance) of group-penned animals, as compared with their individually penned contemporaries. Gomez et al. (2000) suggest that increasing the number of animals per pen increases the stress associated with feeding, competition, and social interactions, thereby compromising growth performance. Gomez et al. (2000) found that growth performance was much better in animals fed individually compared to those fed in groups of four. Although it is evident that growth performance may indeed be different between group-penned and individually penned an- (Table 3) . Expressed in mol/g wet tissue weight.
Packing Plant Measurements
Loin Evaluation
Ultrasonic measurement of the loin muscle area and 10th/11th-rib s.c. fat thickness showed no statistical differences across treatments. Although L* values are all within an acceptable quality range, loins become lighter in a linear fashion with duration of CMH supplementation; however treatment was not significant within the model (P = 0.110). No significant differences were found in ultimate pH, a*, or b* values.
Following the 7-d aging interval, significant differences were noted in loin hue angle (control: 59.43 ± (Table 4) . Haussinger (1996) reported that supplementation with CMH resulted in intramuscular saturation of cre- atine phosphate, generating an initial muscle cell hydration. Supplementation of CMH to meat-producing animals may increase cellular hydration, stretch the myofibrillar connective tissue lattice, and possibly improve meat tenderness as shown by lower WB shear values. In this particular study, 24-h Warner Bratzler shear force values of loin chops showed no differences across treatments (Table 5 ), yet 7-d shear force values were significantly different (control: 2.97 ± 0.16; 5 d: 2.95 ± 0.15; 10 d: 3.49 ± 0.15; 15 d: 3.33 ± 0.15; P = 0.024). Reactions within the muscle may occur that lessen the ability of CMH-supplemented pork to benefit from the aging process. A possible explanation may be that the increased availability of creatine phosphate may prolong the availability of intramuscular ATP, thereby providing the sarcoplasmic reticulum calcium Ca 2 pump with more ATP to sequester Ca 2+ early postmortem. The sequestering of Ca 2+ would provide less free Ca 2+ for activation of Ca 2+ -dependent proteases early postmortem, thus reducing their effectiveness regarding early postmortem tenderization. Monin and Sellier (1985) were the first to suggest that low ultimate pH values were associated with a high glycolytic potential in Hampshire pigs. Low ultimate pH can contribute to a PSE condition in fresh pork. Prevost et al. (1997) suggested that creatine phosphate serves as a lactic acid buffer during high-intensity anaerobic activity. In this trial, total lactic acid concentration at 24 h postmortem expressed no statistical differences across treatment.
Proximate analysis was run on individual samples of the longissimus muscle to quantify differences in crude protein, fat, ash, moisture, and protein:moisture. No significant differences between treatments were noted (Table 4) 
Implications
Loins of pigs supplemented with creatine monohydrate 5 d before slaughter displayed the lowest d-7 Hunter L* values and had a tendency for a higher percentage of intramuscular fat. Loins from 10-and 15-dsupplemented pigs had higher Warner/Bratzler shear force values and tended to have a higher hue angle (were more "true red"). These data suggest that 10-and 15-d supplementation of creatine monohydrate is detrimental to pork tenderness after storage for 7 d. This is the first study in which creatine monohydrate has been shown to negatively affect loin quality. More research must be conducted to determine the monetary benefits associated with an increase in fresh pork quality of animals supplemented with creatine monohydrate for 5 d. Extended supplementation may also be needed to realize the increase in satellite cell activity linked with creatine monohydrate supplementation (observed in research with humans) to determine whether prolonged supplementation has negative effects on fresh pork quality.
